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Abstract 
This thesis describes the design of a 49 MHz FM 
T~lemetry Link that is used to pass analog data from a remote 
unit to a base station. The link produces a signal at the 
base station exactly at the same amplitude and ·frequency as 
it was presented to the remote unit. In order to fill the 
dynamic rang~ of the link for each transmission, the transmit 
amplitude is adjustable. 
channels at a time. 
The link transmits one of three 
Link control is ~one remotely from the base station 
through a DTMF keypad. Control options include channel 
selection, transmit control and signal gain .control. Audio 
and radio level meters at the base unit monitor incoming 
signals and assist the user in choosing gain settings for 
best results. 
Surface mount chip$ were used where possible to keep the 
remote unit as small as possible. The power source for the 
remote unit consists of rechargeable batteries which are 
contained in the remote unit's housing. The base station had 
. . 
less stringent size requirements and therefore is larger. 
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CHAPTER 1 
Introduction 
The goal of this thesis was to dsvelop, build and test 
a laboratory version of an FM radio frequency telemetry link 
that passes analog information between a remote unit and a 
base unit. The link was designed for transmission over short 
distances generally within a room or manufacturing site. 
Performance requirements for the link were established 
by Industrial .Technologies Research (ITR) Company of 
Bethlehem, PA to improve machinery vibration analysis. The 
link will be used to pass vibration signals generated by a 
piezoelectric accelerometer (located at the remote unit) to 
a Central Processing Unit ( CPU) at the base unit. The 
-accelerometer measures acceleration along the X, Y and Z 
axes. At present the information is passed to the CPU via an 
electric cable. This poses difficulties and hazards • in 
cr~mmed, industrial sp~ces. 
Major areas of focus during the design process were link 
control, power consumption, system bandwidth and signal. 
conditioning. Additionally, the remote un.it had to be 
incorporated into a compact package that also houses a strong 
mounting magnet and the accelerometer ~ransducer. 
Vibration analysis of a ·machine is accomplished by 
2 
attaching the remote unit to a predetermined point on the 
machine which may include bearing cases, pump covers, etc, 
and measuring its ·directional acceleration. The telemetry 
system then transmits the X, Y, and Z vibration signals 
separately through the 1 ink to the base unit. The base 
station provid~s the signal to the CPU for further proces~ing 
into a spectrum graph of amplitude versus frequency. 
Vibration signal processing which includes amplification (or 
attenuation), channel selection, link control, link 
calibration and the command to transmit a channel are 
controlled manually by a technician from the base unit. 
The ultimate goal of the telemetry link is to allow 
technicians to obtain accurate accelerometer readings from 
the remote unit without being forced to move away from the 
base unit or close to dangerous machinery. 
The scope of this thesis extends from the production of 
the accelerometer signal to the telemetry base unit's 
interface with the CPU input. 
. '• .. 
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CHAPTER 2 
General system Considerations 
A piezoelectric accelerometer is the basic sensor. It 
creates analog voltages that are proportional to the 
acceleration of an object in three dimensional space, i.e. X, 
Y and Z axes. 
2.1 Design Goals 
The following performance requirements were considered 
during the design phase. 
1) The link must have the capability to transmit 
analog data signals rang_ing in magnitude from 
17. 88 mV to a. 4 V at frequencies of a few p-p . p~p 
. 
Hertz to 12.5 KHz. 
2·) The link must provide a 45 dB dynamic range 
between the noise floor and largest signal 
obtained during a particular measurement. 
3) The remote unit must have the capability to 
adjust sigrtal gain under remot~ ·control in 
order to take full advantage of the 45 dB 
dynamic ran~e of the radio link discussed in 
item 2. 
4) The accelerometer channel to be transmitted 
must be selectable by remote control. 
4 
5) R~ceive/transmit status is also under remote 
control. 
6) The link must be capable of transmissions over 
short distances within a manufacturing 
environment. 
7) Signal transmissions must comply with FCC 
regulations. 
8) The remote unit must have a power source 
consisting of rechargeable batteries capable 
of approximately one hour of operation between 
charges. 
9) The remote unit must be housed in a small 
compact unit that also includes the 
accelerometer and mounting magnet. 
10) And most importantly, the l)..nk must be capable 
of providing the CPU .with the undistorted 
signal as obtained from the accelerometer. 
2.2 System Approach 
FCC regulations permit low power FM-transmissions around 
49. 86 MHz with a bandwidth spanning five voice channels. 
This frequency was chosen because of its relaxed lic~nsing 
(type license) requirements even though the band is prone to 
interference. Also, higher frequencies would have required 
a larger battery capacity. 
Total system control which includes accelerometer 
channel se1ection, link. calibration, s.ig_nal processing and 
5 
transmission i~ done manually by an operator who uses a 16-
character keypad to generate Dual Tone Multiple Frequency 
(DTMF) control tones from the base unit. Figure 1 depicts a 
block diagram of the entire telemetry sy~tem. 
In order to keep the remote unit as small as possible, 
surface mount IC packages were. used to construct the circuit 
board. Also, to minimize power cons·umption low power and 
CMOS ·IC's were used where possible. 
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,t9.86 MHz 
Chapter 3 
The Radio Frequency Link 
The carrier frequency of the telemetry link was chosen 
to be 49.86 MHz in accordance with Federal Communications 
Commission's Rules and Regulations, Part 15, Section .117, 
''Operation Between 49. 82 - 49. 90 MHz." Frequency Modulation 
(FM) was chosen. 
3.1 Advantages of FM 
Frequency modulation presents several advantages to the 
telemetry link: 
First, FM has significantly higher interference immunity 
and is less dependent upon signal loss than amplitude 
modulation (AM). For AM transmissions, the signal-to-noise 
(S/N) ratio of the siqnal is higher near the antenna and 
diminishes with distance. As . noise contaminates the 
transmitted signal, unwanted interference modulates with the 
original signal and distorts it. Eventually, the amplitude 
of extraneous noise will overpower the audio signal making it 
difficult to recover. 
FM signal strength also diminishes with distance from 
the antenna, but the limiter and discriminator (which will be 
discuss·ed later) in the receiver have the capability to 
suppress noise and accurately recover the audio signal •. For 
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FM, the desir~d signal must be approximately twice as large 
as the noise signal while for AM, the desired signal must be 
approximately 100 times larger than the noise. This enables 
FM to have a larger effective S/N ratio and be less 
susceptible to external noise. (Rider and Uslan, 1948) 
Secondly, FM is not qs prone as AM to· difficulties that 
arise from transmis·sion loss. In AM, as RF transmission 
losses occur, the audio signal fades. At the receiver, both 
the noise and audio signals are amplified proportionally and 
the losse$ in audio signal strength will make for more 
difficult recovery. 
As for FM, as long as the frequency of the signal is not 
d,isturbed, the audio signal will be accurately recovered 
independent of the losses that may have occurred during 
transmission. (Rider and Uslan, 1948) 
Another advantage of FM is its capability of a larger 
dynamic range. In AM, the maximum amplitude of· an audio 
signal to be modulated and transmitt~d is limited by the 
maximum a~plitude that can be transmitted over and AM system. 
FM is not limited by system amplitude. Its·dynamic range is 
determined by the amount of deviation possible from the 
carrier frequency.. Inherently, the amount of deviation 
possible in an FM system allows for a larger dynamic range 
than in AM. (Rider and Oslan, 1948) 
Finally, in the 49.86 MHz band, the FCC permits an 80 
KHz bandwidth which is ample for a 12.5 KHz signal. The FM 
9 
bandwidth is approximately twice the maximum frequency plus 
the peak-to-peak deviation. (Rider and Uslan, 1948·) 
3.2 The Transmitter 
A Motorola MC2833 Low Power FM Transmitter System was 
chosen for both the remote and base units. See figure 2. It 
has a wide supply voltage range (2.8 - 9.0 volts), low drain 
current and a maximum deviation of 7 KHz. Also, external 
component count is minimized due to the internal capabilities 
of the IC which is advantageous for decreasing the size of 
the remote unit. 
3.2.1 Theory of Operation 
As seen in Figure 3, the FM transmitter is made up of 
five separate parts. The first section converts the input 
audio signal into a modulated FM signal. The Variable 
Reactance circuitry of the MC2833 uses a varactor diode to 
produce a capacitive reactance proportional to the varying 
voltage of the input signal. This capaqitive reattance is 
dependent upon the reversed voltage fed across the diode. 
The variable reactance circuit is used to pull the 
frequency of a fundamental mode crystal. The fundamental 
frequency of this FM source oscillates at 16. 62 MHz; one 
third of the transmitted carrier frequency. 
The modulated signal, centered about the fundamental 
frequency is then multiplied by a factor of ~hree to obtain 
the carr~er frequency. T~is is achieved internally by the· 
MC2833 through the use of a common collector transistor 
10 
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driven into clipping. When clipping occurs, the first, 
third, fifth, etc. harmonics are created. 
The third harmonic is extracted through a tank circuit. 
Finally, the modulated signal is fed through an amplifier to 
·boost its power and is transmitted. 
3.3 The Receiver 
A Motorola MC3363 Low Power Dual Conversion FM Receiver 
was chosen for us~ in both units. See Figure 4. The MC3363 
is a single chip, narrowband receiver that has on-chip 
oscillators, mix~rs, quadratfire detector, meter drive/detect 
and mute circuitry. Like the transmitter, the receiver 
requires a low number of external parts, operates on low 
voltage(~ - 7 volts) and has a small current drain. 
The MC3363 was chosen for the base unit receiver due not 
only to its performanc~ characteristics, but also because of 
its built ih received signal measurement capabilities. The 
receiver's met~r .drive circuitry internally monitors the 
limiting amplifier stages. The Received Signal Strength 
Indicter (RSSI) (pin 12) which has a 60 dB dynamic range aids 
in determining the quality of a given link as set-up in the 
field. This allows for the link to be calibrated and its 
maximum dynamic range achieved. 
The meter circuitry consists of -a single op amp powered 
at +9 VDC and set up in a voltage-to-current amplifier 
configuration (See Appendix B). The input to the ampl·ifier 
is the RSSI (pin 1-2) -. The meter is adjusted to accommodate 
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MC3363 FM Receiver 
14 
• r 
the range of signals using variable resistots located at the 
negative input and in the feedback loop of the op amp. Also, 
during transmis~ion, both the 9 and 5 volt power sources for 
the circuit are au:tomatically switched off to prevent erratic 
meter readings. 
At the remote unit, the RSSI is not used. However, the 
MC3363 has a mute control capability which was used. See 
Appendix A. The chip has an internal muting op amp that is 
controlled by the carrier detect output at pin 13. The 
squelch is triggered when the RF input fall$ below a set 
input level which is set by the potentiometer located between 
pin 12 and VCC. For the link's purposes, the squelch level 
was set at -80 dB. 
3.3.1 Theory of Operation 
As seen in Figure 5, the . . receiver is somewhat more 
complicated than the transmitter. The signal from the 
transmitter is received by a small whip antenna and fed 
directly into a preselection filter to help eli~inate mirror 
frequencies. 
The signal is amplified and fed into a mixer where it is 
mixed with 3 9. 16 MHz. The mixer creates two products·; a 10. 7 
MHz signal and an 82.02 MHz signal. The larger frequency is 
filtered out by a ceramic bandpass filter le~ving the 10.7 
MHz frequency as th·e fir·st intermediate frequency (IF). 
This first IF is then fed through another mixer and 
mixed with. 10.245 MHz generated by the second local 
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OUT 
oscillator. Again, two products are created and the larger 
is filtered. out. The result is the second IF at 455 KHz. 
The MC3383 uses two IF's to demodulate a received signal 
to allow for better selectivity. Physical limitations of 
filters prevent the use of only one mixer to ·obtain the 455 
KHz IF directly from the 49.86 MHz carrier· frequency. 
There is a ilight difference at this point between the 
remote unit and the base unit. The remote unit uses a 
ceramic bandpass filter to process the 455 KHz. However, 
this type filter is not available in the necessary large 
bandwidth of about 30 KHz. Therefore, a 455 KHz LC bandpass 
filter is used at the base unit. (The remaining explanation 
pertains to both units.) 
The filtered 455 KHz sign.al ' lS then fed through_ a 
limiter that rids the signal of all extraneous amplitude 
modulation {AM) noise;. This slightly improves the S/N ratio. 
The limiter processes the signal to a constant amplitude with 
the original input frequency preserved. A constant amplitude 
FM signal is the result. 
This FM signal is then fed into the discriminator· 
(demodulator) part of the receiver which recovers the audio 
signal. A quadrature discriminator is used in the MC3383. 
The input signal is fed into a m~ltiplier and multiplied with 
a version of itself that is shifted in phase by 90 degrees 
(quadrature). See Figure 6. Before entering the mixer, the 
shifted signal is fed across· a tank resonator that introduces 
17 
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an additional phase shift that . lS dependant upon the 
frequency. 
The mixer produces the following: 
sin(wt)cos(wt + z(w)) ~ l/2sin(z(w)) +- ·I/2sin(2wt + z(w)) 
The l/2sin(z(w)) is extracted frqm the output to produce a 
voltage that is dependant upon the phase of the signal 
created by the frequency response of the tank resonator. 
Thus, the voltage obtained is directly proportional to the 
frequency of the received signal. 
However, since this voltage is not strictly linear with 
respect to frequency deviation, care must be taken to adjust 
the Q-factor of the resonator so as not to leave the linear 
domain. 
3.4 The Common Antenna 
At both the remote and base unit~., the transmitter and 
receiver use common antennas that . ·, require a protection 
circuit to ensure that neither component is harmed during 
operations. See Figure 7. 
3.4.1 The Receive Mode 
During the receive mode, the.+9 voe power source ·for the 
transmitter is turned off. The output of the transmitter is 
a common emitter transistor and, without power, the collector 
essentially is an open circuit for the small voltages 
received by the antenna. 
On the receiver side, the signal is fed through a 1000 
pF capac-itor/1 Kohm divider to a common base transistor. 
19 
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Transmitter/Receiver Common Antenna 
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There is minimal signal loss across the resistor because it 
is large compared to the ~o ohm impedance of th~ antenna. ·on 
the other hand, the low input impedance of the common base 
circ.ui t conforms to 50 ohms. The signal is then fed into a 
preselection resonator and into the receiver input. 
3.4.2 The Transmit Mode 
During transmission, the output of the transmitter is 
fed through a resonator filter and out of the antenna. The 
resonator is also used to create a 50 ohm i~pedance match for 
the· antenna. 
Without .a protection device for the receiver, the unit 
could be destroyed by the amount of power fed directly into 
it during transmission. Since the +5 VDC is not present to 
. power the receiver, the common base transistor acts like a 
peak detector. The transmitter will see a load until the 
capacitor has been charged to the peak value of the antenna 
voltage (minus a diode drop). At that time, current flowing 
into the. receive circuit will essentially stop, except for 
the small amount that is discharged through the 1 Kohm 
resistor. 
3.5 Transmission Control 
A digital signal (+5 VDC or O VDC) fed into a MOSFET 
transistor pair controls power switching to both the 
transmitter and receiver. 
circuit. 
Figure 8 shows the transistor 
In the receive mode, the transistor pair input requires 
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a logic high (+5V). Using superposition through the 100 Kohm 
resistor pair, the +9 volt source and the +5 volt input 
signal provide a +7 volt input to the gate of the transmit 
transistor. The gate-source voltage is below the 
transistor's threshold voltage which prohibits the +9 volts 
at the source from conducting through to the drain. Power is 
not available to the transmitter. 
The transmitter transistor drain also supplies the input 
voltage to the receiver MOSFET' s gate input. When the 
transmitter drain is low, the receiver gate is also low. A 
low at this gate provides the receiver transistor with a 
gate-source voltage of +5 volts which is above the threshbld 
voltage. +5 volts are conducted through the transistor to 
its drain which supplies power to the receiver. The unit is 
ready to receive. 
To initiate a transmission, a low signal is provided to 
the gate of transmitter transistor. Again, using 
superposition, the o volts and +9 Volts provide its gate with 
an input signal of +4.5 volts. The transistor's gate-source 
threshold voltage is exceeded and +9 volts is supplied to the 
transmitter. 
A~~in, because the drain of the first transistor 
provides the gate input to the second transistor, +9 VDC is 
pre~ent at the gate of the receiver transistor. Th~ gate-
source voltage is -5 volts which is well b.elow threshold. 
The receive transistor is turned off and provides o volts to 
23 
the diain output. The r~ceiv~r is turned off. 
This interdependent circuit ensures that both the 
transmitter and receiver are not turned on simultaneou~ly. 
24 
CHAPTER 4 
The system Control 
The telemetry link is controlled from the base unit by 
a combination of DTMF signals and digital logic. System 
control includes accelerometer channel selection, link 
calibration, signal transmit and signal gain selection. This 
chapter describes the remote and base unit wiring diagrams 
contained in Appendices A and B. 
4.1 DTMF Control signal 
System control tones are generated by a standard keypad 
and DTMF encoder which consists of a combination of eight 
unique analog frequency signal generators crossed in a 4 X 4 
grid. Each crossing in the grid corresponds to a character 
on the keypad. When a number is pressed, two of the eight 
generators are· turned on and their signals are combined into 
a single output signal. There are 16 possible output 
signals. 
687Hz 
770Hz 
852Hz 
941Hz 
Figure 9 represents the character assignments. 
1209Hz 1336Hz 1447Hz lfillz 
- Tl - T2 - X 6 -
- y 
- 4 
z 
1 
3 
- CAL -
2 
5 
Figure 9 The DTMF Keypad 
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7 -
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The keypad is interfaced with a MK5089 Tone Dialer that 
uses only two external parts; a 3. 58 MHz TV "colorburst" 
crystal used as a frequency reference and a 1 Mohm biasing 
resistor. The 5089 inputs require low (OV) .signals from the 
selected row and column of the keypad. The remainder row and 
tolumn inputs remain high (+5V). 
Referring to Appendix B, the keypad/5089 interface 
circuit operates in the following manner. The keypad is 
standard and provides a connection between the corresponding 
row and column of the key pressed. Each row and column has 
a 10 Kohm resistor connected to its output. Th~ row 
resistors are tied to +5 voe and the column resistors are 
tied to o voe. When a key is pressed, a voltage divider 
creates a 2. 5 voe output for the corresponding row and 
column. These outputs are used as inputs to 8 operational 
amplifiers operated between O and +5 voe; one for each row 
and column. In this configuration, the amplifiers are used 
as logic comparators. 
The rqw outputs are connected to the plus terminals of 
their amplifiers. 1he negative inputs of the row amplifiers 
are biased at 3. 5 voe. When not selected, the negative 
terminal is less than the +5 volts seen by the plus input and 
the output is driven to +5 volts. When the row is selected 
and 2. 5 voe is fed to the positive terminal, the negative. 
terminal is now larger which drives the output to O volts. 
26 
The column outputs are connected -to the negative 
terminal of their amplifiers and ·the plus terminals are 
biased at +-1.5 voe. When not selected, the plus terminal is 
greater which drives the output of the amplifier to +5 volts. 
When selected and 2.5 volts are fed to the negative terminal, 
the output is driven too volts. 
The outputs of the amplifiers are fed directly to the 
respective input pins of the 5089 encoder. 
4.2 DTMF Signal Transmission 
The keypad is interfaced through the DTMF encoder with 
the MC2833 49.86 MHz transmitter so that when any number on 
the keypad is pressed, the DTMF signal is transmitted over 
the link. This is done by feeding the "any k~y down" output 
of the encoder into the gate of the transmitter MOSFET 
transistor that controls power to the transmitter and 
receiver. 
In standby (no key is pressed) , th.e "any key down" 
output of the 5089 is open circuited. When a key is pressed, 
the "any key down" output of the encoder goes low providing 
a O volt signal to the gate of the transmit transistor which 
provides power to the transmitter and turns the receiver off~ 
See Section 3.5 for specific details of operation. 
4.3 Remote Unit Control 
The remote unit which is in its normal standby receive 
mode will detect a transmitted DTMF control signal. This is 
routed to a Silicon Systems Innovators 75T202 DTMF decoder 
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which is low power, operates on a 5 volt supply and like the 
encoder, has only two external components: a biasing resistor 
and a 3. 58 MHz TV "colorburst" crystal (for frequency 
referencing) . 
4.3.1 DTMF Signal Decoding 
The 75T202 performs the exact reverse process as the 
encoder at the base unit. It decodes the received analog 
DTMF signal into a digital 4 bit hexadecimal word that is 
CMOS compatible. The outputs are labeled as Dl, D2, D4 and 
DB; DB being the most significant bit. Each of the 16 
hexadecimal combinations (which corresponds to the character 
pressed on the keypad at the base unit) performs a unique 
system control function. 
4.3.2 Accelerometer Channel Selection 
The link has four possible channel selections consisting 
of the accelerometer X, Y and z signals and a link 
calibration signal. The hexadecimal codes used for this 
control options are as follows: 
Channel 
X 
y 
z 
Hex (DB, D4, D2, Dl) 
0011 
OiOO. 
0101 
calibration 0110 
The four outputs of the decoder are routed to a CMOS 
4028 BCD 1 of 10 Decoder·. The four bit BCD code presented to 
the 4028 inputs causes the selected output to be high and the 
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remaining outputs low. The signals generated by the BCD 
decoder are present only· while a DTMF control signal is 
·transmitted over the link. Therefore, tbe outputs of the 1 of 
10 decoder must be latched into a memory to prese~e the 
channel selection. 
Four CMOS 4043 R/S latches are used for this task. The 
(allowing table shows a s_ingle latch's operation: 
Set Reset output 
L H L 
H X H 
L L latched 
The reset signal for each latch I the output of a four lS 
input OR gate (buffered through an RC filter) that uses the 
QJ through Q6 outputs of the 4028 as its inputs. This 
dictates. that when a X, Y, z or CAL keypad character is 
transmitted over the link, all four latches will reset and 
wait for new channel information to be latched in. 
QJ, Q4, Q5 and Q6 outputs of the 4028 are also used as 
the set inputs for the four latches; one Q output per latch. 
A resistor/capacitor combination was inserted at the set 
input of each latch to buffer ·the signals and achieve proper 
timing for latch operation. When a channel selection contr·o1 
signal is· received, unselected channels go low while the 
chosen channel goes high·. The information remains latch~d as 
long as a new chartnel selection signal is not received. 
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The output of each latch is then fed to the positive 
input of an LM224 operational amplifier used to convert the 
5 volt logic levels to 15 volt levels ne~ded by the 4066 
bidirectional switches. The LM224 is a low power, internally 
compensated, high gain amplifier and is operated on a single-
+15 volt DC power supply. The negative input of each 
amplifier is biased to +2 volt~. When the. positive input is 
high (+5V) the open loop gain of the amplifier pushes its 
output to i~s +15 volt rail. When the positive input is low 
(OV), the output of the amplifier is. pushed to the negative 
rail ( OV) . 
The output of each amplifier is fed separately to the 
enable controls of four CMOS 4066 Bilateral Switches. It was 
necessary to amplify the enable signal of each switch ·to +15 
volts by using the previously described circuit so that the 
switches can pass signals that have peak-to-peak amplitudes 
of up to 15 volts. 
In the ".on" state (enable.= +15V), the bilateral switch 
presents a low resistance path of less than 300. ohms. When 
the enable is low, the switch is "off" c.reating a high 
impedance. The switch is capable of passing the 2. 2mA 
accelerometer signal without degradation to its frequency 
response. Also, the high impedance condition created when 
the switch is turn~d off is sufficient to prevent unwanted 
noise and cross talk between channels. 
30 
4.3.3 Transmit control 
The command that activates the remote unit to transmit 
a channel is controlled by pres~ing either a Tl or a T2 on 
the DTMF keypad. Tl transmits for 6 seconds while T2 
transmits for 30 seconds. The 6 second transmission is used 
to calibrate the system and choose the proper signal gain. 
The 30 second transmission is interfaced with the CPU at the 
base unit and coordinates vibration signal sampling. 
Both transmission commands are sent through the link and 
decoded by the 75T202 and 4028 in the same manner as the 
channel selection control signals. The Ql and Q2 outputs of 
the 4028 are used as trigger inputs to two CMOS 4538 
precision monostable multivib~ators. The duration of the 
4538 output is controlled by the values of an external 
resistor/capac;::itor pair at pins 1 and 2. The 6 second 
control has a resistor value of 22 M ohms and a capacitor of 
.22uF. The 30 second cont~ol has a resistor value of 22 M 
ohms and a capacitor of 1.36 uF. 
·The 4538 is activated by a low to high transition of the 
trigger input. Schmitt-trigger action is used internally in 
the 4538 to accommodate slow rise times. When the vibrator 
is activated, the output goes low until the RC timing circuit 
has completed its .cycle and then returns high. 
The outputs from both vibrators are AND'd together and 
fed into the first gate of the MOSFET transistor pair. When 
either one of the multivibrators is activated, a low (OV) is 
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outputted from the AND gate and applied to the transistor 
pair. This activates the transmitter as discussed in Section 
3.5. When both mu1tivibrators are dormant, the AND gate 
output pro~ides a high to the MOSFET transistor pair enabling 
the receiver. 
4.3.4 Signal Gain Control 
The purpose of the programmable gain control is to 
process the accelerometer signal to fill the 45 dB dynamic 
range of the link. The largest peak obtained during a 
particuiar measurement is used as the reference point and is 
amplified (or attenuated) to locate it as near as possible to 
the upper limit of the dynamic range. 
The DTMF gain control signal is decoded into a 4 bit 
digital word {Dl, D2, D4 and D8) at the remote unit by the 
75T202. A high output on D8 serves as the primary control 
signal to initiate gain selection. This dictates that DTMF 
keypad signals ranging from 1 to 8 control the gain. 
Each Dl, D2 and D4 output of the 75T202 is AND'd with D8. 
and fed into the set inputs of three 4043 R/S latches. D8 is 
also used as the r·eset signal input for all three latches, 
and when high resets the latches. Simultaneously the Dl, D2 
and D4 are fed to their respective inputs and their states 
preserved by the latches when D8 returns low •. 
The outputs of the three latches are amplified by LM224 
operational amplifiers to references of o (off). to +15 (on) 
volts. This amplification is done in the same manner as the 
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channel selection control (discussed in Section 4.3.4) to 
accommodate a 15 volt signal range. 
The outputs of the three LM224's are used to create a 3 
bit digital word that is fed to the programmable gain input 
of a CMOS LF13007 Digital Gain Set. For standard use, the 
programmable . gain chip is used in conjunction with an 
external operational amplifier configured in the non-
inverting mode to yield gains of 1, 2, 5, 10, 20, 50 and 100. 
However, to s~ti~fy the gain requirements specific to 
our link, the operational amplifier and digital gain set must 
be capable of processing sinusoidal signals ranging in 
amplitude from 17. 88 mV to p-p 8.4 V p-p into a signal of 
approximately 1 Vp-p· This requires that the digital gain 
have the capability not only to amplify signals smalier than 
1 volt, but also attenuate signals that are larger than 1 
volt. 
In order to achieve this goal, the operational amplifier 
and digital gain set were modified. External resistors were 
added at pins 12 and 16 of the 13007. Using simple algebra, 
the resistors values at pins 12 and 16 were chosen to be 18K 
ohm and 1.5K ohm respectively. These additional resistors 
altered the gain selections from . 119 to 55. 5 which are 
sufficient to process the maximum and minimum vibration 
signals into a 1 volt output. The amplifier was also 
converted into the inyetting mode so that signal attenuation 
was possible. In a non-inverting amplifier circuit, the 
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smallest gain possible is 1 whic_h would not satisfy our 
requirements. 
The gains have been altered as follows: 
Keypad code 
1 
2 
3 
4 
5 
6 
7 
8 
4.4 Base Unit Control 
Hex 
1000 
lOOt 
1010 
1011 
1100 
1101 
1110 
1111 
Gain 
.119 
.395 
1.22 
4.38 
9.27 
17.83 
36.67 
55.50 
The base unit control is quite similar to the remote 
logic. The following sections describe the differences. 
4.4.1 DTMF control Signal 
The Control tone output generated by the DTMF keypad 
through the MK5089 Tone Dialer is fed into the transmitter 
for transmission to the remote unit and into a 75T202 decoder 
at the base unit. Just as in the remote unit, the signal is 
decoded into a four bit hexadecimal word that is CMOS 
compatible. 
4.4.2 Channel Indicator 
Unlike the remote unit, channel selection is not 
required at the base unit. The link provides only one signal 
at a time to the CPU through the base path. However, it is 
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important for the operator to know which channel is being 
transmitted. Therefore, the remote unit's channel selection 
circuit was modified into a channel indic~tor for the base 
unit. 
The appropriate channel information is latched into a 
4043 via a 75T202 decoder and a 4028 1 of 10 decoder in the 
-same manner as the remote unit. However, instead of 
amplifying the output of the latches and using the signals to 
control bidirectional switches, the outputs are used to power 
four .LED's; one for each channel. For example, w_hen the 
operator chooses to sample channel X, it is pressed on the 
keypad. While the command is being transmitted through the 
link to physically switch to Channel X at the remote unit, 
the base unit lights the X LED.· The X LED remains -On until 
another channel is selected. 
4.4.3 Transmit Control 
Transmit control for the base unit is much simpler than 
the remote unit because a command to transmit need only occur 
when a key is pressed on the DTMF pad. The "~ny key down" 
output Qf the 5089 Tone Dialer applies the low control signal 
to the MOSFET transistor pair. Transmission operation was 
discussed in Section 3.5. 
4.4.4 Gain control 
The logic circuit for the gain control is a very close 
reproduction of the remote unit circuitry except for one 
detail. Pins 12 and 16 of the LF13007 Digital Gain Set are 
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reversed with respect to the operational amplifier so that 
the amplifier processes the vibration signal with the 
reciprocal amplification (or attenuation} as was done at the 
remote unit. 
This circuit reverses the gain (attenuation) set in the 
remote unit to produce the- original accelerometer amplitude 
for the CPU. For example, if the operator was required to 
amplify the accelerometer signal at the remote unit by a gain 
of 17.83 (or 25 dB) to fill the dynamic range of the 
transmitter (C was.pressed on the keypad), the signal must be 
attenuated by 17.83 (~25 dB) at the base unit to reprodtice 
the original signal. Because the pin 12 and 16 connections 
on the LF13007 were reversed at the base unit, the reciprocal 
processing is done automatically, or "transparent" to the 
operator. 
The . for both the base and remote units gains are 
presented in the following table: 
Keypad ·code Hex Gain(Base) Gain(Remote) 
1 1000 8.40 .119 
2 1001 2.53 .395 
3 1010 .820 1.22 
4 1011 .228 4.38 
5 1100 .108 9.27 
6 1101 .056 17.83 
7 1110 .027 36.67 
8 1111 .018 55.50 
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5.1 The Remote Unit 
CHAPTER 5 
Signal Generation 
and Conditioning 
The primary task of the remote unit is to process the 
three vibration signals generated by the accelerometer into 
signals that can be transmitted through the link and 
accurately reproduced at the base unit. Refer to Appendices 
A and B for the base and remote units' wiring diagrams. 
s.1.1 The Accelerometer 
The telemetry link was designed to accommodate an 
accelerometer manufactured by Vibra-Metrics Inc. of Hamden, 
CT. Seismic piezoelectric crystals in the transducer produce 
electrical signals (voltages) that are proportional to its 
acceleration in the X, Y and Z directions. 
The electronics required to detect the voltage within 
the crystal were factory set and are .incorporated internally 
in the unit. The internal circuit also transforms the signal 
to low impedance which allows for simple additional 
processing and conditioning. 
The transducer voltages are produced by a MOSFET 
transistor powered by a constant current DC. supply of 2. 2 mA. 
The supply voltage was set at. +15. When the system is 
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excited, small voltages are created at. the gate by the 
crystal causirtg linear increases or decreases irt impedance of 
the MOSFET. This causes voltages across the MOSFET to change 
proportionally. 
The noise floor of the accelerometer is .056 mV . p-p 
Design requirements dictate that the system have the 
capability to accommodate signals between 50dB above the 
noise level which is 17. 88 mvp-p and 103 dB above (which is 
8.4 Vp-p>· Therefore, a 53 dB accelerometer signal range must 
~e adjustable to best fit the dynamic range of the system 
(discussed in Section 4.3.4) and handle signal frequencies 
ranging from near DC to approximately 12.5 KHz. As can be 
seen in Figure 10, the 45 db dynamic range of the telemetry 
link is a fixed value. The accelerometer signal is amplified 
or attenuated to best fit the range. 
s.1.2 The Calibration Signal Generator 
In order to test the link in situ, a calibration source 
was incorporated into the remote unit. For this, an LM224 
operational amplifier is used. See Figure 11. 
The circuit generates spikes by switching the output of 
the operational amplifier between its power supply rails. 
The voltage divider in the positive feedback loop limits the 
amplitude of Vout and the voltage seen by the amplifier's 
positive input terminal. When V
0 
is at the positive rail 
(+15 VDC), a positive current flows into the capacitor and 
charges it. v0 reinains at the positive rail as lo~g as Vcap 
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is less than· Vout. At the time at which Vcap exceeds V oot, the 
current at the capacitor changes direction and flows toward 
V . V immediately goes to the negative ra.il ( O VDC) as the 0 0 
capacitor discharges. The capacitor continues to discharge 
causing V
0 
to stay at the negative rail until V is less cap 
than vout. When this occurs, V
0 
goes bac:J< to the positive 
rail and the cycle repeats itself. (Coughlin and Driscoll, 
1982) 
The frequency and duty cycle of the generated signal is 
determined by the parallel combination of resistors and 
diodes in the negative feedback path. Signal frequency is 
dependent upon the total time it takes to charge and 
discharge the capacitor with respect to the voltage at Vout 
for one complete cycle. 
The duty cycle is dependent upon the difference in the 
time it takes to charge the capacitor compared to the time it 
takes to discharge the capabitor. The two diodes connected 
in opposite directions present two different resistor values 
to the capacitor dependi~g on the direction that the current 
is flowing. The time constant for negative current is slower 
than that for positive current which dictates that the signal 
will be at the negative rail for a longer duration. 
For the purpose of the link, the generator was set to 
produce a 1.2 Vp-p signal at a 120 Hz frequency and a 7% duty 
cycle. 
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5.1.3 The signal Processing Circuit 
Another design requirement stated that the largest 
signal obta,ined during a measurement fully drive the 
transmitter channel. In order to achieve this goal, the 
largest siqnal obtained for a single measurement . lS 
to a 1 V signal p-p by the programmable 
. gain normalized 
amplifier. In other words, the 17. 88 mvp-p is amplified by 
55.5 an.d the 8.4 V is attenuated by .119. p-p 
5.1.3.1 Accelerometer output 
Each channel output of the accelerometer and the 
calibration signal generator is fed to separate inputs of the 
four 4066 bidirectional switches. The outputs of all four 
switches are tied together and powered by a 2.2 mA current 
source from a +15V DC voltage source. Only one switch is on 
a~ any given time and, as stated previously, the switches 
provide sufficieht protection from interference and cross-
talk between channels. 
5.1.3.2 Gain Processing 
The signal is then AC coupled through an RC combination 
to a voltage follower circuit that uses an LM224 operational 
amp.lifier. 
Because the amplifier is powered off a single +15 voe 
power supply, the input. must be biased to +7. 5 voe to 
properly process the signals. A simple voltage divider 
provides the +7.5 VDC source that is added to the 
accelerometer signal at the positive input of the op amp. 
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The purpose of the voltage follower is to isolate the 
accelerometer from the other amplifiers and to permit a small 
coupling capacitance. If the signal was fed directly into 
the progra.mmable amplifier, variable loads would occur due to 
the change of input impedance as the gain is altered. 
The output signal of the follower remains biased at +7.5 
VDC and fed into the programmable gain section of the 
circuit. This section ·processes the signal by adjusting the 
gain to fill the 1 Vp-p range with the largest signal. The 1 
Vp-p is then processed through another op amp circuit that 
amplifies it to 2 V . An LF353 Wide Bandwidth JFET p-p 
operational amplifier was used in the main amplification 
section because of its 4 MHz gain bandwidth while an LM224 
was used in the doubling s.tage. A 10 pF capacitor was 
required in the negative feedback path of the LF353 to locat~ 
its pole well away from the frequencies of the signal to be. 
passed. 
The signal is then AC coupled through a high pass 
filter/voltage divider circuit into the transmitter input. 
The voltage divider reduces the signal to the proper 
amplitude to maximize the transmitter's deviation. The 
divider was designed fbr manual adjustment to achieve best 
performance. 
The purpose of the high pass filter is to offset the 
frequenc.y response of the transmitter's modulator. The 
variable reactance modulator {Section 3.2.1) has a frequency 
response that rolls ·off at 6 dB/octave starting at 
approximately 8 KHz·. 
5.2 The B~se Unit 
The function of the signal processing circuitry at the 
base unit is to reverse the processing that was done at the 
remote unit. 
s.2.1 Recovering the Original Signal 
At the base unit, the receiver outputs a signal that is 
approximately 1 Vp-p· The signal is AC coupled to the base 
unit's programmable . gain section and pr9cessed by the 
reciprocal gain seen at the remote unit. 
LF347 operational amplifiers were used at the base unit 
for the processing circuit due to their ability to satisfy 
the slew rate and frequency requirements of the signal. The 
maximum slew rate will occur at ·12. 5 KHz and 8. 4 Vp-p 
amplitude. The LF347 c·an accommodate signals well in excess 
.of the . 7 micro-vol ts change per second generated by the 
reproce~sed. information signal. 
·After all reprocessing has been completed,· the signal is 
provided to ·the CPU for sampling. 
An Audio Frequency (AF) peak-detector meter was 
incorporated into the base unit to assist th·e user in 
maximizing the system's dynamic range and allow for more 
accurate signal recovery. The meter was based on a design 
described by Coug~lin and Driscoll (1982). 
The meter consists of three operational amplifiers 
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configured i_n a full-wave voltage rectif.ier/differential 
amplifier/peak-hold circuit (see Figure 12). All signals are 
biased at +5· VDC and the amp1ifiers are _powered by +9 volts. 
Both the 9 and 5 volt power sources are automatically 
switched off while the unit is transmitting to minimize noise 
in the transmitted signal. 
The meter input is obtained directly from the audio 
outpu.t of the receiver and AC coupled into the positive input 
of the first operational amplifier. When the inp·ut swings 
positive, th~ bottom diode conducts while the top one is off. 
A positive signal is seen at the output of the bottom diode 
and O VDC is seen at the input of the top diode. When the 
input swings negative, the opposite is true. The top diode 
conducts and has a negative signal at its input. The bottom 
diode is off and -has o volts at its output. This creates two 
separate output signals at the ends of the diode pair that 
represent the positive and negative inputs to the rectifier. 
It should be noted that while a signal exists at one output, 
a O volt output is present at the other. 
The two outputs are f~d directly into a differential 
amplifier which subtracts one signal from the other. The 
output of this amplifier has only positive components and is 
fed into the peak detection/hold circuit. 
Both the inptit to the detection circuit and the meter 
are biased at +5 volts. When a positive signal is present on 
the positive input, the negative terminal is pulled up also. 
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AF Level Meter Circuit 
This creates a potential difference and current flows through 
the meter~ The diode is present in the circuit to protect 
from the possibility of reverse current in the loop. 
The capacitor/resistor(meter) combination in the meter 
stage creates a time constant to .hold the peak value of the 
~udio signal long enough to register accurately on the meter. 
Care was taken to ~nsure that the time constant was long 
enough to register on the meter and yet s.hort enough to 
accommodate signal spikes that may be rec·eived. 
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6.1 The Remote Unit 
CHAPTER 6 
Power 
Th.e link design requirements state that the remote unit 
must be self-sufficient and compact. Working with this goal 
in ~ind, rechargeable, nickel-cadmium batteries were chosen 
as the pow~r source. Also to maximize battery life, low 
power and CMOS components were used where possible. 
6.1.1 Power Requirements 
For proper link operation, the remote unit requires 
three distinct voltage levels; +15 VDC, +9 VDC and +5 VDC. 
These voltage sources must have the c.apability to 
sufficiently supply current to their respective components 
for approximately one hour of operation between battery 
charges. 
The fl5 VDC source supplies power to three LM224 (Quad) 
and one LF353 operational amplifier IC's, one Quad 4066 
bidirectional switch, one LF130-07 Digital Gain Set and th~ 
2.2mA current source that powers the accelerometer signal. 
The measured current re.quired was 10 mA. 
The +9 VDC source ·supplies power to only the MC2833 
transmitter. The transmitter requires approximately 10 mA 
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when actively transmitting. This translates to approximately 
6 mA required from the battery source. 
The ·+5 voe source supplies the remaining logic circuits 
and the receiver with power. The 75T202 DTMF decoder alone, 
requires approximately 10 inA and the receiver, when active, 
requires about 7 mA. The remaining components are CMOS IC's 
that require little power for proper operation. The total 
power· required from the +5 voe source was measured to be 16 
mA. This translates to approximately 5. 3 .mA required from 
the battery source. 
A total of 32 mA are required to power ·the remote unit. 
It must be emphasized that this figure is the power 
requirement if all components are operating simultaneously 
arid at full rated power. Even though 32 mA is a high 
estimate, a 20% safety margin was added to the calculations 
to increase the- battery requirements to 40 mA. 
Also·, to conserve battery power when the remote unit is 
not in use, an on/off switch was designed into the system. 
An LED displays the unit's on/off status. 
6.1.2 The Power Circuit 
Two 7. 2 volt and one 3. 6 volt, rechargeable nickel-
cadmium batteries connected in series serve as the main power 
source. The series connection generates +18 voe that is 
stepped down to +15 +9 and +5 volts. Each batte~y is rated 
at 65 rnA-hours for a one hour discharge rate and 80 mA-hours 
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for a five hour discharge. At either discharge rate, the one 
hour o~eration requirement is satisfied. See Figure 13. 
6.1.3 +15 VDC Supply 
An LM340 +15 volt DC-to-DC voltage regulator is 
connected· directly to the 18 volt power supply through a 
switch. The output is smoothed by a 4 4 uF capacitor to 
ground and routed to the appropriate parts. 
6.1.4 +9 VDC and +s VDC Supplies 
The 15 volt output also powers a +9 volt step-down 
circuit. A MAXIM ICL7663 Programmable Positive Voltage 
Regulator is connected directly to the power switch through 
a . 047 uF capacitor to ground that sm.ooths the input voltage. 
The 7663 was chosen .for the step-down circuit because of its 
limited number of external parts required and its near 100% 
conversion efficiency. The output voltage I lS set by a 
voltage divider circuit between pins 2 and 6. 
The same exact circuit is used to produce the +5 VDC 
power source. lhe only difference i~ th~ resistor values 
~sed in the volt~ge divider. 
In both cases, the outputs are cap~ble of generating up 
to 50 mA of current, each which more than satisfies the 
current requirements. 
6.1.5 Low Battery Indicator 
A MAX633 step-up switching Regulator is used in the 
remote unit to detect a low battery voltage. The Low Battery 
Detector compares the voltage at the Low Battery Input (LBI 
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Pin 1) with the internal 1.31 volt bandgap reference. The 
Low Battery Detector Output (Pin 2) goes low whenever the 
input voltage of the LBI is less than 1.31 volts. The Low 
Battery level is set by a voltage divider between t~e battery 
source and the LBI. 16.8 volts was chosen as the Low Battery 
Voltage reference point. 
In order to keep th~ internal oscillator of the 633 from 
turning on at any time and adding unwanted hoise to the audio 
signal, the output (pin 5) was connected directly to the 
compensation input (pin 8). The compensation input I 1S 
connected to the internal voltage divider that sets the fixed 
output. This direct connection limited the output- to 1.31 
volts (bandgap reference) and ensured that the oscillator 
would always be off. 
6.1.6 The Recharging Circuit 
The power source for the recharging circuit is the 12 
VDC lead-acid battery used to power the base system and CPU 
circuitry. See Figure 14. All recharging components are 
external to the remote unit. 
When the remote unit power switch . 1S in the off 
position, the nickel-cadmium batteries are automatically 
ready for recharging. The remote uni_t is plugged into the 
base unit via the charging cord to commence recharging. The 
charge rate for the. batteries is 1_4 hours a·t 7 mA. 
The recharging circuitry is composed of a MAXIM 633 
Step-up switching Regulator (same as in the +15 VDC 
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,r. ,svoc 
TO PLUG 
lOuF <6.68r,A) 
generating circuit) set to d~liver +18 voe. This is fed into 
a MAXIM ICL7663 Positive Voltage Regulator that converts the 
voltage to +16.5 voe. The 7663 is equipped with a current 
limiting capability which is set by inserting Rel into the 
circuit. A 70 ohm resistor was chosen to limit the current 
to approximately 7 mA. 
In order to obtain the required charge voltage level, a 
3 volt zener diode was used to raise the ground of the 
charging components by approximately 2 vol ts. All components 
in the charging circuit were connected through the diode to 
the main battery ground. The output of the MAX633 was raised 
to 20 voe and the output of the entire charging circuit was 
raised to approximately 18.1 volts. These voltages are with 
respect to the main battery ground. 
A charging meter was also incorporated into the base 
unit to monitor progress. A 1 mA full-scale meter was 
converted to a 10 mA full-scale meter by using a shunt 
resistor in parallel. 
6.2 The Base Unit 
+15 VDC, +9 VDC and +5 VDC are also required at the base 
unit, but primary power is supplied by the CPU's +12 volt 
power source. See Figure 15. The +9 and +.5 voltage 
conversion circuits· are identical to those used in the remote 
unit. 
There is another difference that exists in the base 
unit. Primary power must be stepped up from 12 volts to 
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7 
satis.fy the +15 volt ·requirement. This is accomplished 
through the MAX633. The 633 is connected to the +12 volt 
source and used in its standard +15 volt configurati6n. To 
ensure sufficient power, the manufacturer recommends that the 
following equation be satisfied: 
8 (Vout - V 1nlJ.out < 450 mA 
v. 
Power requirements 
parameters. 
1n 
stay well within the equation's 
The regulator functions in the _following manner: An 
Error Comparator within the MAX633 part ensures that a near 
constant +15 VDC output is maintained. When the voltage 
across the output capacitor drops below a set voltage, the 
comparator causes the external inductor to turn on and off at 
the internal clock frequency. During each ON half-cycle, 
current is stored in the inductor and when the stored current 
across the inductor reaches a certain level, the clock is 
turned off. The resulting inductive voltage is then used to 
charge the capacitor and the cycle repeats itself. (MAXIM, 
1989) 
In order to minimize the noise creat~d by the on/off 
operation of the inductor, the battery input and voltage 
outputs are fed through bead/capacitor filters and enclosed 
in a nonconducting casement. Also, the +15 volt output is 
fed through a 940 uF capacitor to ground and a 170 uH and 470 
uF choke circuit to eliminate even more noise. 
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CHAPTER 7 
system Performance 
7.1 Transmitter and Receiver Performance 
This section summarizes the actual operation of the 
transmitter and receiver as described in Chapter 3. 
1.1.1 The Transmitter 
Photographs 1, 2 and 3 show the 
various points on the transmitter chip. 
were taken with no modulated audio 
signal present at 
These photographs 
input present and 
represent the transmitter performance at both the base and 
remote units. Ref er to section 3. 2. 1 for the theory of 
operation. 
Photograph 1. is the output of the frequency tripler (pin 
14). It can be seen that the frequency is 49.86 MHz (carrier 
frequency), but there is not a constant amplitude . 
. Photograph 2 is ·the output of the buff er coil at pin 11. 
The carrier frequency is preserved, and since the signal has 
been filtered, it has a more constant amplitude than in 
Photograph 1. 
Photograph 3 is the output of the antenna. Notice the 
constant amplitude and clear 49.86 MHz frequency. 
1.1.2 The Receiver 
This section describes the performance of the receiver 
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Photograph 1 
Photograph 2 
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---MC2833 Pin 14 
Frequency Tripler 
50 mV/div 
50 nsec/div 
MC2833 Pin 11 
Filter output 
.5 V/div 
20 nsec/div 
Photograph 3 
Photograph 4 
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MC2833 Antenna Output 
.5 V/div 
10 nsec/div 
MC3 3_6_3_ Receiver Output 
-71 dBm Input 
3 KHz Deviation 
1 KHz Modulation 
.2 msec/div 
at both the remote and base units. Refer to section 3.3.1 
for the theory of operation. 
Photograph 4 is the output of the receiver with a -71 
dBm input. Notice the clea:r signal that was recovered. 
Photograph 5 was set up with exactly the same input except 
that the input amplitude was set at -95 dBm. There is a 
noticeable degradation in the recovered signal due to noise 
that is prevalent. Therefore, for the purposes of the 
telemetry link, received RF signals that have strengths of 
less than -60 dBm risk inaccurate recoyery of the audio 
signal. 
Photograph 6 shows the output of the .receiver as the 
input frequency is swept across a 40 KHz band centered about 
49.86 MHz. The photo shows the linear response of the 
discriminator portion of the receiver which has a peak-to-
peak deviation of approximately 16 KHz. 
7.2 Radio Link Linearity 
This section discusses the linear respon·se of the 
receiver, transmitter and overall link. The base receiver 
and remote transmitter were used for the following level 
measurements because they require greater linearity and 
accuracy to accommodate· the accelerometer signal. The base 
transmitter and remote receiver need only transmit and 
receive DTMF signals which requires less accuracy and 
linearity. 
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Photograph 5 
Photograph 6 
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MCJJ63 Receiver Output 
-95 dBm Input 
3 KHz Deviation 
1 KHz Modulation 
.2 msec/div 
MC:3363 Pin 16 
200 mV/div 
4 KHz/div sweep 
7.2.1 The Receiver 
Figure 16 represents the linearity of the base receiver 
with respect to peak-to-peak deviation of a received signal. 
A signal generator was used as a sine ~ave source. The gain 
was set at 5 and the received RF level was set at -50 dBm. 
Notice the slight non-linearity at 6 KHz. This graph shows 
that as the deviation of the. transmitted $ignal ·increases, 
the receiver's voltage output does not . increase 
proportionally in an ideal manner. 
To further expand on the receiver's linear 
characteristics, Photograph 7· was taken. Again, the source 
was a signal generator, but this time a triangular wave was 
transmitted. Deviation was set at 10 KHz and the gain set at 
5. A slight non-linearity is present, but the signal is 
quite accurate. 
7.2.2 The Transmitter 
Photograph 8 represents both the transmitter's and 
overall system's linear response. The set up was exactly 
like that for Photograph 7, but this time the triangular 
source signal was transmitted through the remote unit's 
transmitter. The deviation was adjusted to reproduce, as 
close as possible, the signal obtained in Photograph 7. 7.8 
KHz peak-to-peak deviation produces the most similar signal 
which indicates that the t.ransmitter reduces the overall 
system linearity ·by approximately 2. 2 KHz. The limitations 
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Photograph 7 
MC3363 Receiver Output 
Gain 5 10 KHz P-P Deviation 
-50 dBm RF 
.1 V/div at 100 Hz 
l 
MC3363 Receiver output 
Gain 3 7.8 KHz P-P Deviation 
Photograph 8 -50 dBm RF 
.2 V/div 1 KHz Modulation 
164dB Non-linear Compression 
of the varactor dibde in the transmitter causes this 
degradation. 
7.2.3 The overall Link 
As mentioned above, the non-linearity of transmitter 
limits the peak-to-peak deviation of the entire lin~. The 
7.8 KHz peak-to-peak deviation (Photograph 8) approximately 
correspond_s to the 1 dB non-linear compression point. As the 
deviation is increased past this point, significant linear 
distortions occur. See Photograph 9. 
Therefore, a peak-to-peak deviation ~eter reading of 7. 8 
KHz will allow for the best signal transmission and. recovery 
over the link. Readii:-igs less than 7.8 KHz will not fill the 
dynamic range, and readings larger than 7.8 KHz will cause 
signal distortion. 
7.3 Link Frequency Response 
In the ideal situation, as a constant amplitude signal 
is transmitted from the remote unit and swept across the 
system's design frequency range, a constant amplitude signal 
should be obtained at the base unit, regardless of frequency. 
This, however is not the case. As the frequency of the input 
signal changes, the output amplitude is effected. Figure 17 
shows the link's normalized frequency response. The region 
of frequencies that will provide the best re.$u1ts occurs 
where the curve is horizontal. For this specific link, very 
accurate signal reproduction will occur between 500 Hz and 6 
KHz. To limit the effect of the high frequency response, the 
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Photograph 9 
MC3363 Receiver output 
Gain 3 12 KHz P-P Deviation 
-50 dBm RF 
1 KHz Modulation 
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signal could be processed through a high pass filter. 
7.4 Design Goal Satisfaction 
The following list reflects the extent to which the 
design goals stated in Section 2 .1 are satisfied by the 
telemetry link. 
1) The signal processing board meets the requirements 
to process signals ranging from 17. 88 mVp-p to 8. 4 Vp-p at 
frequencies from near DC to 12. 5 KHz when tested with a 
signal generator as the source. Howevert when transmitted 
over the link, the system carries noise that has a maximum 
magnitude of approximately 10 mV. (The source of the noise 
is the internal clock of the MAX.633 15 V regulator as it 
switches the inductor on and off. ). The~efore, smaller 
accelerometer signals will be subjected to noise distortion. 
Also, the freqtiency response and non-linearities of the link 
distort results slightly for certain frequencies and 
amplitudes. 
2) The link provides its largest dynamic range when 
the RF meter reads greater than 44 uA which translates to -60 
dBm received signal strength. The fo'llowing translates the 
RF meter reading to signal power received: 
Meter Reading Received Power 
0 UA -90 dBm 
16 uA -80 dBm 
30 uA -70 dBm 
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44 uA 
full scale 
-60 dBm 
-50 dBm 
A full scale reading on the RF meter will provide the best 
link conditions. 
3) The signal gain for both the remote and base ·units 
is controlled through the keypad at the base unit. The AF 
meter at the base unit monitors the peak-to-peak amplitude of 
the transmitted signal. To set up the best link conditions, 
it is desirable to obtain the highest AF reading (nea·r 8 KHz) 
with the RF meter at near full scale. However, care must be 
taken not to exceed the 8 KHz AF meter range (yellow area on 
scale) because signal distortion will occur. 
The following translates the AF meter reading into peak-
to-peak deviation. 
Meter Reading P-P Deviation 
4 uA near 0 KHz 
17 uA 4 KHz 
30 uA 8 KHz 
40 uA 12 KHz 
full scale 16 KHz 
The amount of deviation also effects the system's ~ynamic 
range for a specific set up. 
4) Channel selection is controllable from the base 
unit. 
5) Two transmit commands are available through ·the 
keypad at the base unit. A 6 second transmit assists the 
69 
user in setting up the link for proper meter readings and a 
30 second transmit is present to allow for an actual 
vibration reading~ 
6) The dist~nce over which the link is effective is 
dependent on many external factors. Therefore, a well 
defined effective range of operation cannot be determined. 
However, the 1 ink performs to specifications as long as 
proper Audio and Radio Frequency signal levels are achieved. 
7) FCC Regulations were followed and .satisfied. 
8) Rechargeable nickel-cadmium batteries proved to 
provide sufficient power for the system. The battery charger 
circuit also met specifications. Figure 18 shows the 7 mA 
current limiting capabilities of the charging circuit. 
9) The signal processing circuits, logic control 
circuit, transmitter, receiver and power circuit are housed 
in a cyl_inder that is 4 1/8 inches long by 2 3/ 4 inches in 
(outside) diameter. The wall thickness is 1/16 inch. (See 
.Section 8.1 for complete details.) This is acceptable for 
size requirements. 
10) Except for the noise caused. by the remote unit's 
power S\lpply and slight system frequency response, the link 
successfully reproduces the accelerometer signal at the base 
unit. 
7.5 Final comment 
Both transmitters and • receivers performed to 
manufacturers specifications. 49.86 MHz is acceptable for 
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the design requirements under laboratory conditions. 
However, because of the many uses of this particular 
frequency band, extraneous noise from other users cannot be 
kept from influencirtg the telemetry link. In particular, 
electromagnetic noise from computers may pose a problem. 
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CHAPTER 8 
The Enclosures 
This chapter describes the construction of the housings 
for the base and remote units. 
8.1 The Remote Unit 
It was a secondary goal of this thesis to construct the 
housing for the remote unit as small as possible. 
The circuitry for the. remote unit is 1 irhi ted to two 
boards, each measuring 2 1/16 inches wide and 3 1/4 inches 
long. One board consists of the transmitter, receiver and 
power circuitry while the other consists of the logic 
control. Figures 19 and 20 and Photographs 10 and 11 show 
the placement of major components. The power supply, also 
housed in the unit, is made up of two 9 volt (7.2 terminal 
voltage) size batteries and a smaller 3.6 volt battery. The 
7.2 volt batteries consist of six 1.2 volt cells connected ·in 
series in a plastic housing. The 3.6 volt battery was ~ade 
by removing three cells from ~nother 7.2 volt battery and 
enclosing jt in a smaller package. 
All components of the remote unit are housed in a brass 
cylinder that is 4 1/8" long x 2 3/4" (ol,lter) diameter with 
1/16 inch walls. See Photograph 12. The control board an4 
radio board are attache.d back-to-back with screws fed through 
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Remote Unit Radio Board 
Photograph 11: 
Remote Unit Logic Board 
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{ 
Photograph 12: 
Remote Unit Enclosure 
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1/8 inch spacers. The boards occupy the center of the 
cylinder, stabilized by brackets. The batteries are mounted 
on additional ·brackets along the sides of the cylinder. Three 
rubber stoppers located between the cylinder and t_h.e 
accelerometer dampen vibrations to the internal parts. 
Both sets of brackets are attached directly ~o the top 
plate of the cylinder so that all components may be easily 
removed from the cylinder and made accessible. The top and 
bottom plates of the enclosure are held in place by mounting 
bolts. These bolts also attach the housing directly to the 
top of the accelerometer. 
The unit is made water tight by using 0-rings at the top 
and bottom plates. 
8.2 The Base Unit 
Due to less critical size requirements, the base unit is 
housed in a box that is 8 1/211W x 7 l/2"L x 3 11 D. Also, dip 
packages w~re used more extensively in the circuitry. 
Photograph 13 shows the board layout and Figures 21 and 22 
show the placement of . maJor components. Notice the 
potentiometers and adjustable coils thqt are marked. They 
are used to tune the link and adjust signal levels. 
~ three position switch mounted on the unit supplies 
on/off power control and charging control. The AF meter, RF 
meter, charging current ~eter, LED indicators, antenna and 
DTMF keypad are also mounted on the face of the unit. See 
Photograph 14. 
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Photograph 13: 
Base Unit Board 
Photograph 14: 
Base Unit Enclosure 
81 
REFERENCES 
Coughlin, Robert F. and Driscoll, Frederick F. Operational 
Amplifiers and Linear Integrated Circuits. Englewood 
Cliffs, NJ! Prentice-Hall, 1982. 
Enercell Battery Guidebook. Richardson, TX: Master 
Publishing, Inc., 1990. 
Federal Communications Commission, Rules and Regulations, 
Part 15: Radio· Frequency Devices, 1991. 
Horowitz, Paul and Hill, Winfield. The Art of Electronics. 
New York: Cambri~ge University Press, 1990. 
Integrated Circuits Data Book. Sunnyvale, CA: MAXIM 
Integrated Products, Inc., 1989. 
Linear Applications Handbook. Santa Clara, CA: National 
Semiconductor Corp., 1986. 
Linear 1 Databook. Santa Clara, CA: National Semiconductor 
Corp.,. 1986. 
82 
Linear 2 Databook. Santa Clara, CA: Nationa·l Semiconductor 
Corp., 1986. 
Linear 3 Databook. Santa Clara, CA: National Semiconductor 
Corp., 1986. 
MC2283 FM Transmitter Specifications. Phoenix, AZ: Motorola 
Semiconductor Products, Inc., 1988. 
MC3363 FM Receiver Specifications. Phoenix, AZ: Motorola 
Semiconductor Products, Inc., 1988. 
Philips LOCMOS HE4000B I.e. Family. Sunnyvale, CA: 
Signetics Corp., 1982. 
Rider, John F. and Uslan, Seymo~ D. FM Transmission and 
Reception. 
1948. 
New York: John F. Rider Publisher, Inc., 
Vibration Sensor User's Handbook. Hamden, CT: Vibra-
Metrics, Inc., 1988. 
83 
e Ul 
I 
.... a 
• 
X•IUCCII 
y +ISV 
Ull 
l 
-
.. 
·~ Q g 
u .... •SV 
~Nf 
-
·~ Q g 
+i,v 
•SV 
.,v .,v 
LI ,u, -· 
V.;o Mo{ c..,, 
,, 
-
• 
. 
•SV ~V 
+9V 
Appendix A 
Remote Unit Schema~ic 
-
-
+SV 
!le ... 
.,"" 
II I 
II C Q~ 
U4 Q5 
II D Q6 
07 
OB 
o, IS 
• 
.,,, 
f3 
-
--
- -
CJ 
... 
.,,, .,,, 
. .,.., 
D 
·-
.,., 
. .,.., 
8088 n• •ISV .. 
-
J:111 
..... 
-0,, }4. 
-
JJ 
CPU .. ,v • Pl •SV •l'J' +9V +5V 
•W Tl tCTP:I 
6.11 
-
-
00 •f'V 8'.Pf"\.' 
Vt 
i..1D L l't 
.,.,. 
-
-
.,,, 
" 
II 
.,.., 
•5'1 •SV 
F-C A L-4---' 
Appendix B 
~ 
Base Unit schematic 
Number 
MC2833 
MC3363 
LM224 
LM340T 
LF347 
LF353 
LF13007 
5089 
75T202 
4028 
4043 
4066 
4071 
4081 
4538 
MAX633 
MAX7663 
Value 
70 
lK 
Quantity 
1 
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APPENDIX C 
Parts 
Description 
Low Power FM Transmitter 
QUantity 
2 
Low Power Dual Conversion Receiver 2 
Low Power Quad Op Amp 
15 volt DC-DC Regulator 
Wide Bandwidth Quad JFET Op Amp 
Wide Bandwidth Dual JFET Op Amp 
Digital Gain Set 
Integrated Tone Dialer 
5V Low Power DTMF Receiver 
1 of 10 Decoder 
Quad R/S Latch 
Quad Bilateral Switches 
Quad 2~input OR Gate 
Quad 2-input AND Gate 
Dual Precision Monostable 
Multivibrator 
CMOS Step-up Switching Regulator 
Programmable Positive 
Voltage Regulator 
Value 
330 
1.5K 
Resistors 
Quantity 
3 
3 
86 
8 
1 
2 
1 
2 
1 
2 
2 
4 
1 
2 
2 
1 
3 
7 
2.7K 11 3.48K 2 
4K 1 4.7K 2 
5K(adj) 1 8.2K 2 
lOK 25 lOK(adj) 2 
15K 3 18K 2 
18.77K 1 20K(adj) 3 
22K 8 30K 6 
32.4K 1 33K 19 
40K 1 50K 4 
50K(adj) 2 68.lK 5 
72K 2 85.7K 1 
90K 1 lOOK 10 
100.K(adj) 4 150K 2 
180K 1 200K 5 
280K 2 380K 1 
390K 1 900K 1 
905K 1 lM 6 
22M 2 
Coils 
Value Quantity Value Quantity 
.22uH 6 
.68uH 5 
1.5uH 2 2.7uH 2 
lOOuH 2 120uH 1 
150uH 1 170uH 1 
300uH 3 470UH 2 
Beads 8 4.5 Tirns Siemens 2 
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capacitors 
(all values are pF unless marked) 
Value Quantity Value Quantity 
.OluF 3 .luF 7 
. 2uF 1 .22uF 1 
luF 3 l.36uF 1 
3.3uF 1 lOuF 3 
22uF 2 lOOuF 2 
470uF 2 940uF 1 
.01 10 6.5 1 
10 3 33 6 
40 4 47 5 
50 2 51 2 
56 2 60 2 
80 2 120 2 
200 11 230 2 
240 2 470 6 
570 1 830' 1 
1000 6 1200 2 
4700 4 5000 11 
Diodes 
Value Quantity 
2.2mA current diode 1 
standard 5 
3 ·volt zener 1 
88 
Value 
3.58MHz Colorburst 
10.25Mhz 
16.62MHz 
39.16MHz 
Crystals 
Quantity 
3 
2 
2 
2 
Number 
MMBR503IL 
BST120 
Transistors 
Description 
FET 
MOSFET 
2 
5 
Miscellaneous 
Description 
16 Button Keypad 
50 uA Meter 
1 mA Meter 
2 mA LED 
BNC Conector 
Quantity 
1 
2 
1 
9 
1 
Telephone Jack. Connector 1 
3 Position Switch 1 
2 Postion Switch 1 
12 11 Telescopic Antenna 2 
Plastic Bo.x (8 1/2 11 X 7 1/2" X 3 11 ) 
Brass (or aluminum) cylinder 1 
3 1/4"L x 2 1/16"diameter) with 
bottom and lid 
2 1/16" a-ring 2 
89 
Quantity 
1 
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